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1. INTRODUCTION
14 SCOPE OF THE DOCUMENT

This document describes the models and methodologies utilized to verify by analysis the structural requirements of
the RICH assembly.

The result of these analyses will demonstrate that RICH assembly is compliant with alt structural requirements:
- The first natural frequency greater than 50Hz (AD 1) (see Chapter 8).
- All the MoS of the structure positive, under applicable design loads (see Chapters 8.2.9,93.10 and 94)

In the ANNEX 2 Fracture Classification table for AMS-02 RICH is presented.
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2. RELEVANT DOCUMENTS
21 APPLICABLE DOCUMENTS
AD # (1D} Doc Number Issue Date Rev Title
AD 1 JSC-28792 August, 2003| C AMS-02 STRUCTURAL VERIFICATION PLAN
2.2 REFERENCE DOCUMENTS
RD # (ID) Doc Number Issue Date Rev Title
RD. 1 MIL-HDBK-5 .H Dec, 1998 Metallic Materials and Elements for Aerospace Vehicle Structures
RD. 2 LMSO bolt verification guidelines
Safety policy and requirements for payloads using the space
RD. 3 NSTS 1700.7B 13/01/8¢ transportation system
RD. 4 NSTS 1‘,:8%‘78 155 Dec, 1995 Safety Policy and Requirements
RD.5 NTS08307 July 6, 1998 | A Criteria for preloaded bolt
RD.6 June, 1973 E. F. BRUHN — Analysis Design of Flight Vehicle Structures
RD7 |RICH-OHB-TN-0001; 1 08/03/05 MOD shield for RICH Detector
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3. RICH POSITION

In the foliowing figure the position of the RICH in the AMS-02 Exploded view is presented.

TRD . o
M-Structure ‘I.; X

Radiator ...

[
iy, - )
"""--..,,_.
iy

Refiector .

. g

L

Vs

Phdtomullimeters
t ead ! Fiber Pancake

Figure 3-1: Exploded view of AMS-02 subcomponents
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4, VERIFIED ITEMS OF RICH
in the following tables the verified items are showed:
LT - RICH VERIFIED ITEMS
CTEML 'PARTNUMBER . | . MATERIAL " CFAILURE' .| REFERENCE PAGE
13-RICSYS-00.001
13-RICSYS-00.002 Strength (pan+[ugs)
13-RICSYS-00 003
EXTERNAL STRUCTURE 13-RICSYS-00.004 AL 7075 T7351
13-RICSYS-00 005
13-RICSYS-00 008 Buckling
13-RICSYS-00.007
12-RICSYS-10.001
12-RICSYS$-10.002
12-RICSYS-10.003
12-RICSYS-10.004 Strength (part+lugs) 49
12-RICSYS-10 005
12-RICSYS-10.006
INTERNAL STRUCTURE (7075} 12 RICSYS-10.007 AL 7075 T7351
12-RICSYS-10.008
12-RICSYS-20.001
12-RICSYS-30 001 Buckling 77
12-RICSYS-30.002
12-RICSYS-30.003
‘ 12-RICSYS-10 009 Strength (part+lugs) 49
INTERNAL STRUCTURE (6061) 12-RICSYS-20.002 AL 8061T6 -
12-RICSYS-30.004 Buckling 77
REFLECTOR 12-RICSYS-40.001 CFRP Strength 50
RICSYS-00.001 Strength {part+lugs) 51
R -00.
REFLECTOR SUPPORT 1A RICSYS00 002 AL 606176
Buckiing 76
CFRP |
DEBRIS SHIELD 12-RICSYS-00.00567 HONEYCOMB Strength 52
DEBRIS STIRRUP 12-RICSYS-00.004008 | AL 7075 T7351 Strength (part+iugs) 53
Buckling
JOINT 1 NAS 1351N4 A286 (160ksi) Strength, bearing 59
JOINT 2 M3 A4-70 Strength, bearing 61
JOINT 3 NAS 1351N5 A286 (160ksi) Strangth, bearing 63
JOINT 4 MAXIBOLT A286 (95ksi) Strength, bearing 65
JOINT 5 NAS 1351N3 AZ86 (160ksi) Strength, bearing 67
JOINT & NAS 1351N3 A286 (160ks]) Strength., bearing 69
JOINT 7 NAS 1351N3 A286 (160ksi) Strength, bearing 71
JOINT 8 NAS 1351N3 A286 (160ksi) Strength, bearing 73

Table 4-1; Verified ltems
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{FAILURE] “VERIFICATION APPLIED
Von Mises on shells
Maximum combined on bars
Strength TSAI WU on CFRP

Combined/ Iniraceli Buckling / Wrinkling
for Honeycomb

Separation / Tension / Thread shear / Shear /

Bott Bending / Combined
Rivet Combined
Buckling Local Buckiing

Table 4-2; Verification Applied
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5. RICH MODEL DESCRIPTION

i the following images a view of the entire RICH model! is presented.

TOP WORK

[TOPWORK

Figure 5-2: General view of RICH without Debris Shields

in the following chapters the s‘iructur_al Finite Element Model is described {the model used is “RICH_050208 bdf").
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51 USED SOFTWARE

The software used for FEM pre and post processing is MSC/PATRAN 2005.
The software used for Finite Element analysis is MSC/NASTRAN V2005,

5.2 MODEL UNITS

Default FEM units (otherwise specified) are:

— Length

~  Masses

— Forces

~  Moments

—~  Materials densities
- Young's modules
-  Siresses

— Displacements

[m]
fKgl
[N]
[Nm]
Kg/m’]
N/m?]
IN/m?]
fm]

Questo documento contiene inform
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5.3 MODEL COORDINATE SYSTEM
For the RICH model, the AMS-02 coordinate system (Coord 0 in Figure 5-3) is used:
£
’” '.\(‘
Figure 5-3: AMS-02 coordinate system
in the following figure two views of the position of the AMS-02 CoG are presented:
z
e T
1333m

IR LI T R 25
Snti
£ BT
H R
113 !iII_I\H\“_V
! HmEmERANNARAEI NI
] o
13 z IE AN AN B ET AT EN e

Figure 5-4: AMS-02 coordinate system

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ] SPACE SpA Tutti i diritti sono riservati
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




CARLO GAVAZZI SPACE SpA

RICH SYSTEM

N°Doc:  p1~gYS.RP-CGS-009

Doc N®
Ediz.. Data:  aad.
Issue: 2 Date: 09/11/05

RICH STRUCTURAL ANALYSIS REPORT

Pagina di
Page 17 of 91

5.4

In the following tables

MODEL MATERIALS

» the properties of each materials

¢ theitems

e the corresponding NASTRAN card

are shown.

In the evaluation of the MoS, all allowable stresses have been reduced by a factor of 6% in order to account for

thermai effect.

541 AL 7075 T7351

7075 Aluminium Alloy
Source MIL-HDBK-5H
Specification AMS 4078 and
AMS-QQ-A-250/12
Form Plate
Temper T7351
Thickness [in] 0.250 - 0.499
Mechanical Properties
[MPa] [ksi]
Ftu L - 468.84 68
Fty L 393.00 57
Fey L 386.11 56
Fsu 262.00 38
Fbru (efd=1.5) 703.27 102
Fbry (e/d=1.5) 544 69 79
E 71016.00 10300
Fiu LT 475.74 69
Fiy LT 393.00 57
Fey LT 406.79 59
Fbru (e/d=2) 203.21 131
Fhry {e/d=2) 655.00 95
Physical Properties
fkg/m®] flofin’]
2796 0.101
i‘% 0.33
Table 5-1; AL 7075 T7351 properfies

NASTRAN CARD:

MAT1

1 7.1410 .33

2790.

iTEMS:

External and internal structures

Table 5-2: AL 7075 T7351 in FE mode!
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54.2 AL 6061 T6

6061 Aluminium Alloy
Source MIL-HDBK-5H
Specification AMS 4025, AMS 4027

and AMS-QQ-A-250/11
Form Sheet
Temper T6
Thickness [in] 0.010 - 0.249
Mechanical Properties
[MPa) Tksi]
Ftu 289.58 42
Fty 241,32 35
Fey 241.32 35
Fsu 186.16 27
Fbru 461.95 67
Fory 344.74 50
E 68253 9900
Physical Properties
[kg/m’] [Ibfin®]

fo 2713 0.098
v 0.33

Table 5-3: AL 6061 T6 properlies

NASTRAN CARD:

MATL 400006 6.82+10 .33 2713.

ITEMS3: .

Internal structures and reflector support

Table 5-4: AL 6061 T6 in FE model
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5.4.3 CFRP/REFLECTOR
CFRP / REFLECTOR
Source Vendor
Fibre M55J
Resin EX-1515
Form Quasi Isotropic
Thickness [in] 0.0025 +/- 10%
Mechanical Properties

[MPa] [ksi]
Fiu 503 73
Fcu 241 35
Fsu 200 29
Et 103421 15000
Ec 87563 12700
G 33853 4910

Physical Properties

[kg/m’] [ofin®]
0 1500 0.0542
v 0.2

Table 5-5: CFRP properties
MATS 9. .. ....1.05+11.1.05+11. I T A T L ¢ I R L1800,
NASTRAN CARD: A R I I .5.03317+8
A 2. 41317+8......- 5.03317+8. .. .... 2.4131748....... 1.99948+8
ITEMS: Reflector

Table 5-6: CFRP / REFLECTOR in FE mode!
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5.4.4 CFRP/DEBRIS SHIELDS
CFRP / DEBRIS SHIELDS

Source Vendor

Fibre T300

Resin Vicotex 1454

Form Plain Weave fabric

Thickness [in] 0.021 +/- 10%

Mechanical Properties

[MPa] [ksi]

Ftu 850 123

Fecu 700 102

Fsu 105 15

Et 75000 10878

Ec 70000 10153

Ebend 950 138

G 12000 1740

Physical Properties

[kg/m®] | [Ibfin’]

p 1400 0.051

» 0.28

Table 5-7: CFRP properties
. |MAT8 — 7 . 7.410...7.+10....28.....1.2+10..9.5+8. .. 9.5+8...1400.
NASTRANCARD: | " . ... 8.5+48...7.+8....8.5+8,..7.+8....1.05+8
ITEMS: Debris Shields

Table 5-8: CFRP / DEBRIS SHIELDS in FE model
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54,5 HONEYCOMB
HEXCEL CR IlI-3/16-5056-.007-2.0
Source HexWeb product data
Material 5056 Aluminium Alloy
Form Honeycomb
Cell size [in] 3/18
Nominal foil thickness [in] 0.0007
Viechanical Properiies
[MPa] [ksi}
Fty (L direction) 0.72 0.11
Fty (W direction) 0.34 0.05
E11 0.00 0.00
E22 0.00 0.00
E33 310.26 45.00
G13 186.16 27.00
23 89.63 13.00
G12 0.00 0.00
Physical Properties
[ka/m®] | [ibft]
p 32 2
Table 5-8; Honeycomb propetties
MATS 3. 1000 e - ..1000.
NASTRAN CARD: | . ... R e . 3.1+8
......... 1000, .. seii i ... 1.8648, . ......8.947...36.4

ITEMS:

Debris shields

Table 5-10; Honeycomb in FE model
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5.4.6 DUMMY STEEL FOR BOLTED CONNECTIONS

A dummy material with reference properties of steel is used for beam elements that represent bolted connections:
The corresponding NASTRAN BULK data card is:

MATL 400007 2.01+11 .3 1.

5,5 FEMODEL DESCRIPTION

In this chapter the components of RICH Finite Etement Model are presented:

GRID POINTS 65808
ELEMENTS
CBAR 7128
CONM2 28
CQUAD4 42318
CTRIA3 52
RBE2 1844
HEX 7232
Table 5-11: Model sumtmary

RICH NASTRAN model subcomponents are presented in the following chapters:

o EXTERNAL STRUCTURE

o INTERNAL STRUCTURE (7075)
o INTERNAL STRUCTURE (6061)
o REFLECTOR

o REFLECTOR SUPPORT

o DEBRIS SHIELDS

o DEBRIS STIRRUP

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ! SPACE SpA Tutti i diritti sono riservati,
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5.54 EXTERNAL STRUCTURE
The external structure of the RICH is presented in the following figure:
secondary beam 1 primary beams Angul
ngular
P, / External
e Sl ;;
}" ™ Lo .
iy l j B}
""d‘t";.l. ‘3;1;‘: B
SRR peRIR e
=N AT
linear secondary \ inear
external X beam 2 secondary é?c?:rnal v
internal
Lf’"
.
Main Dimensions [m] Length: 1.407 Width: 1.402 Height: 0.108
Mass [kg] Total: 20.8
Material AL 707517351
Thickness range [m] [0.003, 0.008]
FEM elements Shell
Connection RBE2, Bar

Figure 5-5; External structure
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5.5.2 INTERNAL STRUCTURE (7075)

The internal structure made by 7075 T7351 of the RICH is presented in the following figure:

-

Main Dimensions {m] | Length: 1.324 |Width: 1.319 Height: 0.08
Mass [kgl Total: 55.8 .

Material AL 7075 17351

Thickness range [m] [0.0042, 0.010]

FEM elements Shell, Bar

Connection RBE2, Bar

Figure 5-6: Internal structure

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA Tutti i diritti sono riservati,
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5.5.3 INTERNAL STRUCTURE (6061)
The internal structure made by 6061 T6 of the RICH is presented in the following figure:
z

Main Dimensions [m] | Length: 1.324 Width: 1.319 l Height: 0.001

Mass [kg] Total: 0.8

Material AL 6061 T6

Thickness range [m} [0.002]

FEM elements Ba

Connection RBEZ, Bat

Figure 5-7: Internal structure

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutfi i diritti sono riservati.
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5.5.4 REFLECTOR
The reflector of the RICH is presented in the following figure:
ik
B
e
Ny
i
el
S
R -
78
2
S

Main Dimensions [m] | Max diameter: 1.4 1 Min diameter: 1.25 Height: 0.468

Mass [kg] Total: 8.2

Material CFRP

Thickness xange [m] [0.0022, 0.0052]

FEM elements Shell

Connection RBE2Z, Bar

Figure 5-8: Reflector

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA Tutti i diritti sono riservati.
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555 REFLECTOR SUPPORT
One of the reflector supports of the RICH is presented in the following figure:
Main Dimensions fm] | Length: 0.046 l Width: 0.024 Height: 0.104
Mass [kg] Total: 0.12 '
Material AL 6061 T6
Thickness range [m] [0.002]
FEM elements Shell
Connection RBE2, Bar
Figure 5-9: Reflector support

Questo documento contiens informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati

All information contained in this document are property of CARLO GA VAZZI SPACE SpA. All right reserved.




N° Doc:
oo n.  RICSYS-RP-CGS-009

RICH SYSTEM

Ediz.: 2 Data: 09,1 1[05

Issue! Date:
) RICH STRUCTURAL ANALYSIS REPORT Pagina 28 di 01
CARLO GAVAZZI SPACE SpA ‘ Page of

5.5.6 DEBRIS SHIELDS

The debris shields of the RICH are presented in the following figure:

7

(15
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3y By, \
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R RN
i By gl Rty ikta
qllx\l\nh‘nn‘n‘\nn“ vhq‘ﬁ\ B
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R B AR
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3 R s 13 S
fad
i

Length: 1.6 Width: 01.6 Height: 0.47
Mass [kg] Total: 6.33
Material CFRP, Honeycomb
Thickness range [m} [0.025]
FEM elements Shell, Solid
Connection RBEZ2, Bar

Figure 5-10: Debris Shields

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA Tutti i diritti sono riservati.
Alf information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




RICH SYSTEM

N° Doc:

N Do RICSYS-RP-CGS-009

Ediz.: Data:
Issue: 2 Date. 09/11/05
RICH STRUCTURAL ANALYSIS REPORT Pagina di
CARLD GAVAZZ SPACE SpA Page 29 of 91

5.5.7 DEBRIS STIRRUP

One of the debris shields brackets of the RICH is presented in the following figure:

Main Dimensions [m] | Length: 0.076 Width: 0.021 Height: 0.21
Mass [kg] Total: 0.15
Material AL 7075 T7351

Thickness range [m]

[0.002 - 0.003]

FEM elements

Shell

Connection

RBE2, Bar

Figure 5-11: Debris Shields Brackets
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56 MODEL BOUNDARY CONDITIONS

The RICH external structure is connected to the USS through 16 bolts. In the Finite Element Model it is simulated by

16 SPC (with the three translation constrained) directly positioned on the structure.

™~

Figure 5-12: Mode! boundary conditions
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5.7 MODEL MASS BUDGET
The total mass has been considered without any contingency
ITEM CAD MASS| FEM MASS REMARKS
[Kg] Kg]
MAIN STRUCTURE PARTS 20,8 44,2
'!5‘ DEBRIS SHIELD & BKTs 8,9 8,9
5 OCTAGON COVER PANELS ) 1,5 1,5
2 [LOWER PANEL & LIGHT SEALING 3.3 3,3
E BOLTS & NUTS 6,2
Z [FIXATION TO USS 0,3 .
: t e part:
m E = ECTRONICS - 25 Added on the main sfructure pars
Q % |CABLES & CONNECTORS 12,4
g TOTAL ' 58,0 _ 58,0
@ 'ﬂg‘ |STRUCTURE PARTS 56,5 58,7
< 'E_:;
= |& [puir AssEmBLY 53,3 53,3
S |2
o Z |CABLE & CONNECTORS 21 Added on the structure parts
7 TOTAL - A0 o
5 |MIRROR ASSEMBLY 8.4 8.4
ECTOTAL .- o ke 8 bat] -G8 oo Sy
TOTAL ' 178,3 178.3
Table 5-12; Model mass budget
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58 MODEL CHECK
58.1 MODEL SIZE AND GEOMETRY

In the following tabies the summary of the check runs that verify the mathematical correctness of the assembly
model is shown: ,

MATHEMATICAL MODEL VERIFICATION RESULTS
GEOMETRY CHECK

MODEL FILE NAMES :

RICH_ 050809.bdf

RUN FILE NAMES

AMS_RIGH_050908_1g_check.dat, RICH_param.blk

MODEL UNITS

Length=m, mass=Kg, density=Kg/m*3, Young mod.=N/m*2, Stress=N/m*2, Deformation=m, Strain En=N*m=Joule.
MODEL SUMMARY

NUMBER OF GRID POINIS = 65808
NUMBER OF CBAR ELEMENTS = 7128
NUMBER OF CHEXA ELEMENTS = 7232
NUMBER OF CONMZ ELEMENIS = 28
NUMBER OF CQUADA ELEMENTS = 42318
NUMBER OF CTRIA3 ELEMENTS = 52
NUMBER OF RBE2 ELEMENTS = 1844

ELEMENT GEOMETRY TEST RESULTS SUMMARY
TOTAL NUMBER OF TIMES TOLERANCES WERE EXCEEDED

ASPECT/ MINIMUM MAX TMUM SURFACE/FACE EDGE POINT JACOBIAN
ELEMFMI IYPE SKEW MNGLE JAPER RATIO INTER. ANGLE INTER. ANGLE WARP FACITOR OFFSEI RATIO LENGTH RATIO DEIERMINANY
BAR N/a N/A N/A N/A N/A ¢ N/A N/A
HEXA N/A 0 N/A N/A ¢ N/A 0 0
QUAD4L 0 253 448 458 o N/A N/A N/A
TRIA3 0 N/a N/A 0 N/A N/A N/A N/A

N/A IN THE ABOVE IABLE INDICAIES IESIS THAI ARE NOI APPLICABLE I'C THE ELEMENI IYPE AND WERE NOI PERFORMED.
FOR ALl ELEMENIS WHERE GEOMETRY TESI RESULTS HAVE EXCHEDED TOLERANCES.

QUADS ELEMENI ID 456094 PRODUCED LARGESY IAPER RAIIOC OF 0.67 (POLERANCE = 0 50}).
QUAD4 ELEMENI ID 403042 PRODUCED SMALLESI INIERIOR ANGLE QF 16,35 (TOLERANCE = 30.00)
QUAL4 ELEMENE ID 429609 PRODUCED LARGEST INTERIOR ANGLE QF 163.64 (TOIERANCE = 150.00) .

Téble 5-13; FEM Geometry Check
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5.8.2 FREE-FREE AND HARDMOUNTED MODES

MATHEMATICAL MODEL VERIFICATION RESULTS

MASS PROPERTIES, FREE-FREE MODES, HARDMOUNTED MODES

MODEL FILE NAMES
|RICH_ 050809.bdf

RUN FILE NAMES

MODEL UNITS

|Length=m, mass=Kg, density=Kg/m*3, Young mod.=N/m*2, Stress=

AMS_RICH_050908_constrain.dat, AMS_RICH_050808_free.dat, RICH_param.blk

Nim*2, Deformation=m, Strain En=N*m=Joule.

—=rrer .
PARAMETERS: PARAM,KGROT, 1.
PARAM POST,0 PARAM,PRTMAXIM,YES
PARAM.AUTOSPC,YES PARAM,GRDPNT,0
' ; PARAM,COUPMASS,1
PARAM,PRGPST,NO ’ !
OUTPUT FROM GRID POINT WEITGHT GENERATOR
I REFERENCE POINT = 0
Mo
*  1.784490E+02 -4.821159E-18 2.768824E-17 6.0L7575E-18 _5.242088E+02 7.823935E-0% *
* ~4.8211598-18 1.7844902+02 ~4.797832E-17 2.24208BE+02 6.324237E~18 1,337726E-03 *
% 2 768824E-17 -4.797832E-17 1.7844908+02 ~7.8239955-01 -1.,337726E-03 -1.219065E-17 *
+ §.017575E-18 2.242083E+02 -7.823995E-01 3.141474E+02 -7.605821E-03 1.797941E-03 *
* -2 242088E+02 6.324237E-18 -1.337726E-03 -7.605821E-03 3.136921E+02 -8.701B28E-01 *
% 7.8239958-01 1.337726E-03 -1.219065E-17 1.797941E-03 -8 TOL820E-01 6.208774E+01 *
[
* 1.000000E+00 0 .000000E+00 0.000000E+00 *
*  0.000000E+00 1.000000E+00 0,0000002+00 *
*  0.000000E+00 ©.000000E+00 1.00Q000E+00 *
MASS DIRECTION
PROPERT[ES MASS AXIS SYSIEM (5) MASS X-C.G. ¥-C.G. Z-C.G.
x 1.784490E+02 3.372154E-20 -4.384444E-03 ~1.256431E+00
¥ 1.,784450E+02 7.496408E~06 3.544003E-20 ~-1.256431E+00
Z 1.784450E+02 7. 496408E-06 -4.384444E-03 -6,831449E-20
{5}
%  3.244104B+01 7.611686E~03 -1.1718072-04 *
% 7.611686E-03 3.198918E+01 -1.128482E-01 *
* -1.171807E-04 -1.128482E-0L 6.208431E+01 *
I{Q}
*  3.244116E+01 *
* 3.198863E+01 *
* 6. 2084T4E+0L *
Q
* 9.998585E-01 1.682330E-02 0.000000E~00 *
¥ -1.682318E-02 9.9985158-01 3.749637E-03 ¥
€.3081275-05 -3.749106E-03 9.999930E-01 *
REATL EIGENVALUES
HODE EXIRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALEIZED
NO. ORDER MASS STIFFNESS
1 1 4.337581E+04 2.082686E+02 3.314698E+01 1.000000E+00 4.337581E+04
2 2 6.983170E+04 2.682569E8+02 4.205779E+01 1,000000E+00 6.983170E+04
RIGID BODY 3 3 7.692294E+04 2,773499E+02 4.414160E+01 1.000000E+00 7.692294E+04
NORMAL MODE | 4 4 §.302999E+04 2,.881493E+02 4.586038E+01 1.000000E+00 8.302999E+04
CHECK 5 5 1.095902E+05 3.310441E+02 5.268730E+01 1.000000E+00 1,095202E+035
6 6 1.109946E+05 3.331584E+02 5.302381E+01 1.000000E+00 1.109946E+05
7 7 1.658777E+05 4.072809E+02 6.482076E+0L 1.0000008+00 1.658777E+05
8 8 1.722322E+03 4.150087E+02 6.605069E+01 1.000000B+00 1.722322E+05
9 g 1.817562E+05 4.263287E+02 §.785233E+01 1.0000008+00 1.817562E+05
10 10 2.166695E+05 4.65477 TB+02 7.408308E+01 1.0000008+00 2.1666958+05
REAL EIGENVALUES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERAL LZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 -1.453569E-06 1.205640E-03 1.9188368-04 1.,0000008+00 -1,453569E-06
2 2 -8.450973E-07 9,192917E-04 1.463098E-04 1.000000E+00 -8.450973E-07
HARDMOUNTED }3 3 -6.149197E-07 7.841682E-04 1.248042E-04 1.000000E+00 -6.149197E-07
NORMAL MODE |4 4 1.458028E-07 3.818414E-04 6.077194E-05 1.000000E+00  1.458028E-07
CHECK 5 5 6.464577E~07 8.040259E-04 1.279647E~04 1.000000E+00  6.464577E-07
‘ [ 6 1.010818E-06 1.005395E-03 1.600135E-04 1.000000E+00  1.0108L8E-06
7 7 1.643311E+04 1.281917E+02 2.040234E+01 1.000000E+00  1.643311E+04
8 8 2.882044E+04 1.6976586+02 2.701907E+01 1.0000202+00 2, 83520448+04
9 9 4.321870E+04 2.078911E+02 3.,308689E+01 1.0000002+00  4.321870E+04
10 10 6.962116E+04 2.638582E+02 4.199434E+01 1.0000008+00 6.962116E+04

Table 5-14: FEM mass properties, free-free modes, hardmounted modes
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58.3 1 G CHECK
MATHEMATICAL MODEL VERIFICATION RESULTS
g CHECK
MODEL FILE NAMES :
RICH__ 050809.bdf
RUN FILE NAMES .
AMS_RICH_050908_1g_check.dat, grav_1gchk.blk, AMS_ subcases_1 gehk.blk, RICH_param.blk
PARAMETERS: PARAM,K6ROT, 1.
PARAM POST,0 PARAM,PRTMAXIM,YES
' PARAM,GRDPNT,0
PARAM,AUTOSPC,YES PARAM COUPMASS. 1
PARAM,PRGPST,NO ' i
OLOBD  RESULTANT
TYPE 1 12 T3 R1 R2 R3
UNITY GRAVITY| 10001 1.750585E+03 —4.750698FE-17 2.716217E-16 5.863597E-17 -2,199489E+03 7.675340E+0C
LOADING 10002 -4.754715E-17 1.750585E+03 ~4.706673E-16 2.199489E+03 6 2350498-17 1.31231.0E-02
CHECK 10003 2.716218E-16 -4 706673E-16 1.750585E+03 -7.675340E+00 -1.312310E-02 -1 195903E-16
{(COORD 0) SPCFORCE RESULTANT
M=178.3 Kg T1 T2 T3 Rl R2 R3
g=9.81 10001 -1.750585E+03 3.4216%0E-10 -1.497824E-10 2.6510352-10 2.199489E+03 -7.675340E+00

Fxyz=1750.5 N 10002 8.3109780E-11 -1.750585E+03 -6.492868E-10 -2.71.99489E+03
10003 -2.214051%-11 -6,1673698-10 -1 750585E+03 7.675340E+00

~1.372484E8-09 -1,312310E-02
1.312310E-02 0.00C000E+00

LOAD SEQ. NO. EPSILON
1 ~4.0296937E-12
EPSILON 2 -4 0178026E-12
3 -1.4268127E-12

EXTERNAL WORK
1.6290901E-02
1.7307693E-02
1.6224964E-02

Tabfe 5-15. FEM 1g check
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5.8.4 STRAIN ENERGY CHECK
MATHEMATIGAL MODEL VERIFICATION RESULTS
STRAIN ENERGY CHECK
MODEL FILE NAMES :
RICH_ 050809.bdf
RUN FILE NAMES
AMS_RICH_050908_strain_energy.dat, RICH_param.blk
COMAND:
GROUNDCHECK(SET=ALL THRESH=1.E-3,DATAREC=YES,1.E-3) = YES
PARAMETERS: PARAM,KEROT, 1.
PARAM.POST,0 PARAM,PRTMAXIM, YES
PARAM,GRDPNT,0
PARAM,AUTOSPC,YES P ARAM GOUPMASS.A
PARAM,PRGPST,NO - i i -~
RESULTS OF RIGID BODY CHECKS OF MATRIX KGG (G-SET) FOLLOW:
PRINT RESULTS IN ALL 81X DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 9. 2542688-06 PASS
2 3.305265E-05 PASS
3 1.400187E-04 PASS
4 4.5817228-06 PASS
5 1.730945%E-05 PASS
6 2. 182810E-05 PASS
RESULTS OF RIGID BODY CHECKS OF MATRIX KNN {N-SET) FCOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 1.452013E-05 PASS
2 3,543712E-05 PASS
3 1.390970E-04 PASS
4 2 .219588E-06 PASS
5 1.9%99033E-05 PASS
STRATIN ENERGY 6 2.692790E-05 PASS
C?g?K RESULTS OF RIGID BODY CHECKS OF MAIRIX ENN+AUTO (N+AﬂTOSPC-SET) FOLLOW:
PRINT RESULTS IN ALL SI¥ DIRECIIONS ACGAINST THE LIMIT OF 1, 000000E-03
DIRECTION STRAIN ENERGY PASS/FAIL
1 1.452013E-05 PASS
2 3 543712E-05 PASS
3 1.3909710E-04 PASS
4 2.219586E-06 PASS
5 1.999033E-03 PASS
[ 2.692790E-05 PASS
RESULTS OF RIGID BCDY CHECKS OF MATRIX KFF (F-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.C00000E~-D3
DIRECTION STRAIN ENERGY PRSS/FAIL
1 1,.452013E~05 PASS
2 3.543712E-05 PASS
3 1.3909708-04 PASS
4 2.219586E-06 PASS
5 1.999033E-05 PASS
6 2.692790E~05 PASS
Table 5-16; FEM Strain Energy check
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6. DIMENSIONING LOADS

The dimensioning loads are based on the results of the CLA performed by LMSO {and provided by the mail “RICH to
1SS-02 Interface Forces and Displacements 2-042 xis” ), using the FEM Model of the entire AMS-02. The Dimensioning
Loads used (series 1000, 2000 and 4000) are composed by both inertial loads and enforced displacement of the
constraints. In the following table the set of the load cases used for the analysis is presented: in the first table the
entire set is showed with the inertial loads applied; in the second table the enforced displacements of load case
4001 are presented

Load Case hNx {g) Ny (g) Nz (g) Rx (rad/sec™2) | Ry (rad/sec”2) | Rz (rad/sec"2)

+3.7 +1.4 . . +8. +3.
1001-1064 3 +1.4 +4.5 8.4 9

-0.4 -1.8 -1.5 -4.1 -11.0 -4.1
2001-2064 +1.2 +0.7 +2.1 +5.2 +10.7 +6.0

-1.3 -0.6 5.6 -47 -139 . -4.8
4001-4064 +1.7 +1.1 +2.7 +12.5 +14.7 +12.14

-2.0 -1.1 7.4 114 -18.1 -10.0

Table 6-1: Applied set of load cases

Sets 1000 and 2000 are applied in AMS-02 center of gravity in launch configuration.
Set 4000 is applied in AMS-02 Center of gravity in landing configuration (with empty tank)
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LOAD CASE 4001 DISPLACEMENTS :
GRID Txjml | TyIm] Tz [m] Tx [in] Ty [in] Tz [in]
985501 0.0035 0.0017 0.0011 1,376-04 | 6.54E-05 | 449E-05
085697 0.0035 0.0017 0.0011 1.36E-04 | 6.81E-05 | 4.45E-05
156082 0.0034 0.0020 0.0019 1.34E-04 | 7.87E-05 | 7.60E-05
155446 0.0034 0.0020 0.0020 1,34E-04 | 7.91E-05 | 7.68E-05
156173 0.0036 0.0021 06.0022 1.42E-04 | 831E-05 | 8.70E-05
156280 0.0037 0.0021 0.0022 144E-D4 | B8.30E-05 | B.82E-05
998097 0.0050 0.0022 0.0030 196E-04 | 8.58E-056 | 1.20E-04
997661 0.0050 0.0022 0.0031 1.076-04 | 850E-05 | 1.20E-04
998180 0.0052 0.0020 0.0029 2.06E-04 | 8.03E-05 | 1.16E-04
908286 0.0052 0.0020 0.0029 2006E-04 | 7.99E-05 | 1.15E-04
1010653 | 0.0053 0.0017 0.0023 207604 | 6.656-05 | 9.21E-05
1010054 | 0.0052 0.0017 0.0023 ‘| 2.06E-04 { 6.57E-05 | 9.02E-05
1010736 | 0.0050 0.0014 0.0015 1.96E-04 | 5.67E-05 | 5.94E-05
1010842 | 0.0050 0.0014 0.0015 1.95E-04 | 559E-05 | 5.71E-05
985508 0.0038 0.0014 0.0011 1.50E-04 | 5.43E-05 | 4.25E-05
984900 0.0038 0.0014 0.0011 149E-04 | 5.47E-05 | 4.29E-05
Table 6-2: Load case 4001 displacements
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7. DIMENSIONING RULES
7.1 SAFETY FACTORS
The RICH system has to show positive MoS applying the following SF:
SAFETY FACTORS Yield Ultimate
Metallic structures 1.25 2.0
Non metallic structures _ NA 2.0
Fasteners {Nominal) - ‘ 1.25 20
Joint separation 1.2 NA
Joints fitting factor 1.15 1.15
Buckling NA 2.0
Fasteners {Fail safe) NA 1.0
Table 7-1. Safety Factors for structure

7.2 TEMPERATURE DERATING FACTOR
For ali the material the temperature degradation factor is considered, as per RD 1 at 60°C (140°F} {landing

temperature) the worst temperature degradation factor for the material is 6% with respect to the material nominal
mechanical characteristics. This temperature degradation factor is applied to all the material

7.3 MARGINS OF SAFETY FOR STRUCTURE

The MoS is defined as:

ol
MoS, = —L——1.0 for the vield strength, and
SF v " Oload
o
MoS,; = ———-1.0 for the ultimate strength, where:
F v ' Oroad

- oy the yield strength of the material,

- oy the ultimate strength of the material,

- SF, the safety factor for vield strength,

- SFy the safety factor for ultimate strength,

- GLead the maximum Von Mises equivalent stress due to external loads.

The Mo$S for stresses indicates the amount by which the allowable stress, defined by the material characteristics,
exceeds the actual stress due to the applied loads, taking into account the applicable SF, defined in Chapter 7.1.

It is required that MoS are positive for all load cases, for all structural elements
Additional MoS can be defined to evaluate margins for generic results.

MoS = A -1.0
SF B

- A aliowable
- B actual valug
- SF applicable safety factor

It is required that Margins of Safety are positive for all load cases and operative conditions, for all elements.
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7.4 MARGINS OF SAFETY FOR COMPOSITE (CFRP)

The MoS is defined as:
1

SF, fl

-1.0

MoS, =

1 =failure index
7.5 FAILURE INDEX CALCULATION FOR COMPOSITE (CFRP)

Forthe refiector, TSAI WU verification for composite materials is used:

TSAl WU Failure Index: fi=F 02 + F,,0l —F,(0,0,)+ Fyt, + F,o, + F,0,

Gar

Aol

1
Where: < P = (f;r fc)
1
Fop=g—73
(fj’ ’ fc)
Fs =_}"2"
I

Fy, ==0.5{F, Fy

N

7.6 HONEYCOMB VERIFICATION

For the honeycomb panels the following verifications are performed:
= Combined load strength
= Intracell buckling

= Wrinkling

These verifications are performed in according to chapter 12 of the RD . &
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7.7 MARGINS OF SAFETY FOR MAXIBOLT
Defining:

ten FF F
Rt LR FRESU

FF FSu Fshear
= ftu

fsu

Rs:
and

MoScombU =} - i . ‘l -1

(re?+ D) J

7.8 BOLT VERIFICATION

For the bolt verification the formula are presented in ANNEX 1.
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8. DYNAMIC ANALYSIS

In this section, results in terms of frequencies, mode shapes and effective masses are included.

8.1 EIGENFREQUENCIES AND MODE SHAPES

In the following table the first two modes (that have an associated mass lower that the 1%) and all the ones with
associated mass greater than 5% of the constrained RICH system are shown.

% EFFECTIVE MASS
MODE|FREQ Hz]
XDir Y fhir Z Dir
1 33.2 <1% <1% 1%
-2 42.1 <1% <1% 1%
11 76.2 <1% <1% 13%
12 - 79.2 <1 % 12% 1%
13 811 <1% 16% 1%
15 83.4 17% <1% <1 %
22 914 1% 1% 17%
42 93.2 <1% <1 % B%
169 159.3 5% <1% <1 %
171 1613 <1% 5% <1%
172 1635 12% <1% <1 %
33 HTO 21% A% 0% |
Table 8-1: RICH system natural frequencies J

In the following figures the shapes of
than 5% (showed with ali structure an

the first two modes
d without reflector) are presented:

(reflector modes) and the ones with effective mass greater

MSCPavan2005 12-Sepr05 (952:3%
Fringe: Delauit At:Mode 1 : Frag, = 33.147, Eiganvediors, Transiatona), Magritude, (NON-LAYERED)
Detorr: DelowiL AlMode 1 *Freq, = 33147 Eigaaveciors, Transintional,

T

dafault_Fringe .
Max } 71+000 @Nd 1045812
Min 0 @Nd 195446
dafault_Dafermation :
Ma | 774000 @Nd 1046812

Figure 8-1: mode 1 at 33 15 Hz
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F
MSCPavan 2005 12-5ep-0503:5409
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[ dofault_Fringe :
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Figure 8-2: mode 2 at 42.06 Hz
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Figure 8-3: mode 11 at 76.24 Hz
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Figure 8-4: mode 12 at 79.24 Hz
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Figure 8-5. mode 13 at 81.14 Hz
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Figure 8-6: mede

15 at 83.15 Hz
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Figure 8-7. mode 22 at 91.40 Hz
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Figure 8-8; mode 42 at 93.21 Hz
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Figure 8-9. mode 169 at 159.29 Hz
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Figure 8-10: mode 171 at 1 61.26 Hz
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Figure 8-11: mode 172 at 163.5 Hz
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Figure 8-12: mode 368 at 277 Hz
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8.2 EFFECTIVE MASS

Effective masses are reported; in the figures only for the spectrum from ¢ to 500Hz are showed:

100.00% B % OF TOTAL MASS NX
@ % OF TOTAL MASS NY
@ % OF TOTAL MASS NZ

=

3 9,

& 10.00%

=

1.00% - = ; : :
76.24 7924 8114 3344 91.40 9321 159.29 161 27 163 52 277 00
Hz
Figure 8-13: Effective masses for all axes
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Figure 8-14: Cumulative effective masses for alf axes
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9. STATIC ANALYSIS

in the following sections, static analysis results are described for nominal configuration.
Four different types of analyses are performed:

-9.1 DISPLACEMENT ANALYSIS
- 9.2 STRESS ANALYSIS

- 9.3 JOINT ANALYSIS

- 9.4 BUCKLING ANALYSIS

9.1 DISPLACEMENT ANALYSIS
The worst condition if for NODE 401129 for Load Case 1024. This value include the motion of the USS interface.

The resulting maximum disptacement is 1.52E-2 m.
Following figure shows displacements for this subcase

MSC.Polian 2005 12-8ep-051234:37
Fringe; SC1024LN1024, Al Static Subcase, Disp m I, Magaitude, (NON-LAYERED) 1520
Dalarm; SCI024LN1024, Al:Static Sub s Trnslational
1480
)
,,,,,, - 1 460 %
e
// 1 420
,(’
: / | St 146-002
N f : 1350
'}T';f s ,; 7
M El : 1.32-002
i 2
e o] =
- SRaeatE 12000
[4 k2 dasial
~ il
ki 1.26-602
..... R R
- & J 22-0021
R
5 Riza 11900
£l R atale
£ EHEEER L B e 1 1600788
¥ defaull_Fringe .
L Max t 52-002 @N¢ 401129
‘‘‘‘ ® Min 1.16-002 @itd 1045386
dafault_Deformation .
Mant | 52-002 @Nd 401129
Figure 9-1. Maximum displacement — Load case 1024
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9.2 STRESS ANALYSIS

For each safety critical item the stress contour and Mo$ calcutation is shown in the next pages.
The structure is divided in the following items:

9.2 1 EXTERNAL STRUCTURE VON MISES

9.2 2 INTERNAL STRUCTURE (7075) VON MISES

9.2.3 INTERNAL STRUCTURE (7075) MAXIMUM COMBINED
9.24 INTERNAL STRUCTURE (6061) MAXIMUM COMBINED
9.25 REFLECTOR

9.2.6 REFLECTOR SUPPORT

9.2.7 DEBRIS SHIELD

928 DEBRIS STIRRUP

Summary of stress analysis results are shown in 9.2 9 (MARGINS OF SAFETY).
9.2.1 EXTERNAL STRUCTURE VON MISES
The worst condition is for ELEMENT 428415 for Load Case 4062 at Layer Z1.

The resulting Von Mises stress is: fym = 100.9 MPa.
Following figure shows stress distribution for this subcase.

MSCPay e 2005 12-5ep-05 1 5:41.00 T
Finge: SGADGZLHAGKE, ArSwtc Siocats, Svai T 11, van Mnes MDY 01008 " 101400
- 2 oo, . von Hises. AL71

- frenr

50 00
59007,
a8
B, b 67 00
3 76 001
i)
@@-- | 8540
' 17
H "
Lo - s200rll
detault_Frngs dofaul_Finge ©
¥ Hax 101 +006 @M AZHN6 1 12t 1,01+ 008 GEk 428416 1
Min 522007 @Eim 4207001 Min 622-007 @Em 420700 ]

Figure 9-2: External structure, Load Case 4062, Layer Z1
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9.2.2 INTERNAL STRUCTURE (7075) VON MISES

The worst condition is for ELEMENT 416526 for Load Case 1024 at Layer Z1.
The resulting Von Mises stress is: fyy = 37.2 MPa
Following figures show stress distribution for this subcase.

MSC Patran 200512 1 3-0ct-06 16.03:38
Fringe SC10241N1024 A1Static Subcase StressTensor von Mises. AVZ1
By
5 ST
o rJ::;-: o,
\F\F:
g5 YOG
iy A
"t.;"d‘ \I\
!Z
s 5 :
v defautt_Fringa, o dofaut_Fiinga :
Ma 3724007 @EIm 416526.1 Manc 3724007 @Ewn 416526.1
Min 4 284004 & EWn 426427 | Min 4.26+004 @Em 4254271 |
Figure 9-3: Internal structure7075), Load Case 1024, Layer Z1

9.2.3 INTERNAL STRUCTURE (7075) MAXIMUM COMBINED

The worst condition is for ELEMENT 436191 for Load Case 4061
The resuiting stress is: f = 78.7 MPa.
Following figure shows stress distribution for this subcase.

MSC Patran 2006 12 1 1-Oct-06 161317 ~11
Fringa: SCA081:LN4061 A3.S5Halic Subcase, Bar Stesses, Maxamum Comtined, AtCenter B
<
» A b i\
TSR TR
%
~ R
S L &
b 2 " | N
] o N
= dafault_Frings - & ] N dotaut_Fringe .
Max 7.68+007 @& 436191 1 [ ) Max7 88007 @S 436101 1
Min -1 924007 DY 419927 3 - Min -1 82+007 @EWM 416027 1)

Figure 9-4: Internal structure (7075), Load Case 4061
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9.2.4 [INTERNAL STRUCTURE (6061) MAXIMUM COMBINED

The worst condition is for ELEMENT 41 8847 for Load Case 1024.

The resulting stress is: f = 93.1 MPa.
Following figure shows stress distribution for this subcase

MSC Patran 2006 12 1 2-Qct06 16115:48
Finge: SCI0241N1024 Al Static Subcase Bar Stresses, Madm Comiinad, Al Gentat

497007
dofault, Frings -
Max @51+007 @M 415847 1

o T -
MSG Patran 2005 7 1700005163648, =77

. R S
Frioge: SC1024 L1024 ATISEiRE Subcasa, Bar Siesses. Maskibin Comibned, A3 Céler

-

detaut_Fringe ©
Maie 9.31 +007 @Eim 4185471
Min -4 97+007 @Elm 419156.1

Min-497+007 @Ekn 419185.1

Figure 9-5. Infernal structure (6061), Load Case

1024

9.25 REFLECTOR

The worst condition is for ELEMENT 410940 for Load Ca

The resulting stress is: fi = 0.074.
Following figure shows failure index distribution for this su

se 1024.

bcase.

MSC.Patran 2006 r2 19-0¢1-06 10:28:40
Fringa: LN1024. Stafic Subcase, Falura Indicas, Fry Incicas. . Mamum 28 of 26 layers

dalautt_Fringe .

M 7.43-002 @EIm 410540.1
1 BA5-003 Bk 10049 1

Fig
Max 7.43-002 @Een 4105401
Min -3 86-003 @EM 410049.) |

Figure 9-6: MIRROR CFRP PLY Load Case 1024
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9.2.6 REFLECTOR SUPPORT

The worst condition is for ELEMENT 437263 for Load Case 4046 at Layer Z1.
The resulting stress is: fyy = 77.8 MPa.
Following figure shows stress distribution for this subcase.

MSC Fatran 2006 r2 17-0¢405 162713
Fringe SCAQB.LN046, A3:Stalic Subcaso Strass Tansor  von Mises, AZ)

MSC.Patran 2006 12 1-0c40515:27:13
Fringe: SCAO4BILN4040, A3:Static Subcase. Siress Tensol vor Migas, ALZL

;-

Eﬂ 007

et detaul_Fringe ) X dotault_Fringe :
Max 7.70+007 @Bm 437263 Mt 7.70+007 @Eim 4372681
Min 5.06+006 @Eim 437361 1 Win £.06+005 & Pl 437361 )

Figure 9-7. Reflector support, Load Case 40486, Layer Z1
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9.2.7 DEBRIS SHIELD

9.271 CFRP

The worst condition is for ELEMENT 466207 for Load Case 1007.

The resulting stress is: fi = 0.0034
Following figure shows failure index distribution for this subcase

MSC Patmn 200612 18-0cH5 10:20:24 SSM;”U
Fringe: LH1407 Static Gubease Faiure Indicos, Py Indioss, Maimum2 of 28layers &1

o YT

Eerfiais ; z
iy , ok -
i iE o 2 & 2 A s
2 fj‘
7l b
Zadf
e ; &
" dofaut_Fings | i
M 339003 @B 455207 1 m

Min-2 23003 ©Fkm 4645991

Figure 9-8; DEBRIS SHIELD CFRP PLY Load Case 1007

9.2.7.2 HONEYCOMB

The worst condition is for ELEMENT 472400 for Load Case 1032.
Following figure shows stress distribution for this subcase.

] Ty
MSG Pattan 200512 13006 163247 21600 MSC Palvan 2006210 008 AB3247 ) o
Vector LRI3Y Static Subcase, Siress Tansor Gomponent [NON-LAYERED) Wegtor, LK1032 Stalk Subcase. Sh‘r}i‘ﬁ"l’«l’q,\\‘\
378004
SHian
% ‘r:rﬁ.u, 34¢ 00
; ARG
it 308 00
% %
g b2, O
1 o & B3 K
: A, o U

AR |

o asaoon e | L] R
Figure 9-9: HONE YCOMB Load Case 1032
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9.2.8 DEBRIS STIRRUP

‘The worst condition is for ELEMENT 454355 for Load Case 4031 at Layer Z2.

The resulting stress is: fum = 35.78 MPa.
Foliowing figure shows stress distribution for this subcase.

MSC Palran 2006 r2 17-0ct06 18:26 45
Fringo, SCA03VLNA0S1 AB:Slatic Subdase. Strass Tonsor  von Mises AtZZ

v detautt_Finge :
M 3584007 @i 464356.)
Min 1.64s004 @EmM 449817 1

dotait_Frnga :
Mant3 5G+007 @5 454360.1
Min 1 54+004 @EW 442817 1|

Figure 9-10: Reflector support, Load Case 4062, Layer Z2
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9.3 JOINT ANALYSIS

The analysis of the joints shall be divided in eight different kinds of connections:

BOLT TYPE @
JOINT # | Description Material . . Length | Torque Pg
Name Diam. Pitch [mm] _
External A 286 NAS . @
JOINT 1 Structure 160KS;i 1351N4 0.251in 28 1/ln 16.05 10 2Nm 59
External-
JOINT 2 Internal A4-70 M3 3mm | 05mm 8 065Nm® | &1
Siructure
JOINT3 |  Extemal ggﬁgi ) é“sﬁ s | 0312500 | 241 | 381 20.4Nm? | 63
' External . .
JOINT 4 | Structure Hi- | A286-95KSi g;a;e(z)g 5 mm NA NA NA | 65
Lock
External A 286 ,
JOINT 5 Structure- {GOKSi NAS 1003 | 019in | 324an | 1539 | 42Nm® | 67
Refiector BKT
Reflector BKT- A 286 NAS: . 2
JOINT 6 Reflector 160KSi 1351N3 0.19in 32 1/1n 12.7 4 2Nm 69
External
Structure- A 286 NAS . @
JOINT 7 Debris Shield 160KS; 1351N3 0.191in 32 1In 12.7 4.2Nm 71
BKT
Debris Shield
JOINT8 | BKT- Debris 1’%3&& NAs . | ot9in | a2 | 381 42Nm@ | 73
Shield
T The installation torque is obtained by the surn of the torque necessary for the self locking device (running
torque) and the Torque defined here
@ The defined torque is obtained by the analysis as per Table 9-8
Table 9-4.; Joints definition

Summary of joint analysis results are shown in 9.3.10 (MOS SUMMARY FOR JOINT ANALYSIS).

The value of Fsy is evaluated according to RD. 1, par. 1465.

For each joint, bolt separation has been verified using the maximum axial force acting on the bolts .

Other MoS have been calculated using the worst load case for the most loaded bolt {where most loaded means that
the forces acting on the selected bolts results in lower MoS, with respect to other bolts).

Used formulas are shown in Annex 1.

Also a Fail Safe analysis of bolts have been made; Summary of joint analysis results for Fail Safe configuration are
shown in paragraph 9.3.11 .
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The MoS definition for bolts analysis is reported in the next table.

MOS DESCRIPTION

MS 1 Joint separation

MS 2 Direct Tension Ultimate

MS 3 Direct Tension Yield

MS 4 Total Tension Ultimate

MS 5 Total Tension Yield

MS6 Direct Thread shear Ultimate

MS 7 Total Thread shear Ultimate

MS 8 Shear Ultimate

MS9 Bending Ultimate

MS 10 Combined shear, tension and bending uitimate
Table 9-5: MoS definition for bolt analysis

Ouesto documento contiene informazioni di proprieta di CARLO GAVAZZ! SPACE SpA. Tutti i diritti sono riservati.
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9.3.1 JOINT GEOMETRY INPUT
In the following tabie the inputs for the joint verification are presented:
< Washer Flange 1 Flange 2 L

| Type of boiteq |Threaded out Friction | gitting

JOINT# | JEC S cions | 1ength | Tk | TEE ThK | agear | THK | Material Cos™ | factor
[mm] [mm} [nl1anr1'; [mm] {mm]
JOINT 1 NUT 19.05 16 | 1188 3 AL 7075 3 A 7075 0.2 1.15
JOINT 2 INSERT 45 0.5 6 15 | AI7075 4.5 Al 7075 0.2 1.15
JOINT 3 NUT 28.6 16  15.06 8 Al 7075 17 Al 7075 0.2 1.15
JOINT 4 MAXI BOLT NA NA NA NA NA NA . NA NA 1.15
JOINT 5 NUT 15.39 1.6 8 3 AL TO75 2 Al 6061 0.2 1.15
JOINT 6 NUT 12.7 1.6 8 5 CFRP 2 Al 6061 0.2 1.7
JOINT 7 INSERT 12.7 1.6 9 3 Al 7075 8 Al 7075 0.2 1.1%
JOINT 8 INSERT 38.1 1.8 9 2 Al 7075 8 Al 6061 0.2 1.15
Note:

% g 2 for non lubricated joint
0.15 for lubricated joint

Table 9-6; Joint Geometry Input

All information contained in this document are
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9.3.2 JOINT 1: EXTERNAL STRUCTURE

"RICH external structure joints are NAS 1351N4 bolts, made of stainless steel A286-160 KSi. In the following figure
positions of the bolts are shown:

Figure 9-11: JOINT 1: External sfructure bolts
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MSC Patran 2005 r2 25-0ct-06 11:4052
Vector: SC1023481023 Al:Static Subcase Bar Ferces Translationdl At Cenler

e 1 131-001 2
’ defaull_Vecter:

Max | 364003 @EIm 412019

Min 1 3)-00 @Elm 462817

Figure 9-12: JOINT 1. Maximum axial force, load case 1023

MSG Patran 2005 12 26-Cct-06 11:4137
Vector: SC1020:1LN1020 Al Static Subcase Bar Forcas, Transfational At Center

3304003

2854008,

|

[

default_vactor
Man 4.63+003 @EIm 417308
Min 2 78-002 @Eim 462785

Figure 9-13; JOINT 1: Maximum resultant force, load case 1020
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9.3.3 JOINT 2: EXTERNAL-INTERNAL STRUCTURE

RICH external-internal structure joints are M3 bolts, made of stainless stee! INOX A4-70: in the foliowing figure
positions of some bolts are shown.

Figure 9-14. JOINT 2: External-internal structure bolts
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MSC Patran 2006 £2 25-0ct-06 05:53:06
Vector, SCA06T:LN4057 A1:Static Subcase. Bar Forces Transtational At Center

dafautt_Vedtor :
Max 3.99+002 @Elm 420848
Min 3.88-002 @Eim 452608

Figure 9-15: JOINT 2: Maximum axial force, load case 4057

MSC Patran 2006 12 26-0ct-06 09.54:20
Vector, SC1024.LN1024 Al:Static Sub Bar Forcos. Translational At Canter

detault_Vactor :
Max 4 57+002 @Elm 419571
Min 2.15-003 @FElm 404530

4 67+002,

4.25+00288

Figure 9-16: JOINT 2: Maximum resultant force, load case 1024
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9.3.4 JOINT 3: EXTERNAL

RICH external joints are NAS 1351NS bolts, made of stainless steel A286-160 KSi: in the following figure positions
of some of the bolts are shown.

Figure 9-17: JOINT 3 External bofts
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MSC.Patran 2006 r2 26-0ct-06 10:05.46
Veetor SCA045:LN4046 A1:Static Subcase Constraint Forces, Transiational,  (NON-LAYERED)

[FgRRve

_\;c detault_Vector
Max | 51+003 @Nd 166280

Min 0. @&Hd 402396

Figure 9-18: JOINT 3: Maximum axial }‘or'ce, load case 4028

MSC.Patran 2006 12 26-06t-06 10:0T16

3.67+00
Vector. Detault Al Static Subcase Constraint Forcos Teanstational (NON-LAYERED)
3.33+00
7
2004003
25'."1—003;
F . o L :J . . 2.33+003 E
; s

defautt_ VMector :
Max 3 67+003 @Nd 166446
Min_0_@Nd 402396

Figure 9-19: JOINT 3: Maximum resultant force, load case 1 007
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9.3.5 JOINT 4: EXTERNAL STRUCTURE HI-LOCK

RICH external structure joints are Maxi Bolt CR7620 dash 06, made of stainless steel A286-95 KSi: in the following
figure positions of the bolts are shown.

Figure 9-20: JOINT 4. External structure Hi-lL.ock

Allowable for Maxi Bolt CR7620 dash 06
Tensile [N] 7500
Singie SHEAR [N] 13000
TEXTRON Aerospace
Reference
Fasteners

Tahle 9-7: Allowable for Maxi Boit CR7620 dash 06

For this analysis the maximum Axial and shear values are used as conservative assumption.
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Vector SC1003.LN1003 Al Static Subcase Bar Farces Transiational. At Center

¥
- F
¥ b defautt_Vector :
Max 1.16+003 @EIm 420668
Min 7.69+000 @EIm 429560

Figure 9-21: JOINT 4. Maximum Axial force

MSC Patran 2006 r2 26-Oct-06 1066:19 2344003
Vettor, Defaut Al:Static Suncase Bar Forces, Fransla ‘

SRR MR

P - * 1.00+001 18
: default_Vector:

L M 2. 344005 @Elw: 412009

: Min 1.00+001 @Eln 428328

Figure 9-22: JOINT 4: Maximum shear force
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0.3.6 JOINT 5: EXTERNAL STRUCTURE- REFLECTOR BKT

RICH external structure to reflector bracket joints are NAS 1351N3 bolts, made of stainless steel A286-160 KSi: in
the following figure positions of some of the bolts are shown.

Figure 9-23: JOINT 5. External Structure — Reflector Bracket
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Vactor: SCA042:LN4042 Al:Static Subcase. MPC Constraint Ferces Teanslational, (NON-LAYERED)

‘%.:s-mc

1 #5002

7 .
% 4 45+000EM
o detault_Vector
Max 1 46+002 @Nd 436904
Min 4.46+000 @Nd 402664

Figure 9-24: JOINT 5: Maximum axial force, load case 4042

MSC Patran 2006 12 26-0ct-06 11.06:59
Vector: SCA046:LN4046. Al:Static Subcase MPC Consiraint Forces. Translational. (NON-LAYERED)

=

¥
FaH93

101003 576+00:

1.37+00
z
X
._l 491+00118
v ‘ default_Vector :

Max 1.01+003 @Nd 436904
Min 4.91+001 @Nd 402554

Figure 9-25: JOINT 5: Maximum resultant force, load case 4046
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9.3.7 JOINT 6: REFLECTOR BKT-REFLECTOR

RICH refiector bracket to reflector joints are NAS 1351N3 bolts, made of stainless steel A286-160 KSi: in the
following figure positions of some of the bolts are shown.

TOPWORK <5 P
Figure 9-26: JOINT 6: Reflector Bracket - Reflector
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Vactor: SC4013:LN4013 Al:Static Subcase, Bar Forcos. Translational At Center "
lg 218+002
1 000 % 1994002
1804002
—aﬁ; é?%: BE00T 4 gneg0d
b 1410027
J 122400
-
B 1024002,
Ve
ss:+0m
. 637+001
e _ 4 245012
e dotault_Vector :

Max £ 67+002 @Elm 410981
Min 4.44+001 @EIm 437002

Figure 9-27: JOINT 6: Maximum axial force, load case 4013

MSC.Patran 2005 12 26-0ct-06 1012:34
Vector SCA042:LN4042 Al Static Subcasa Bar Forees Transiational. At Center

488+001

i N

1.83+002

e

e X detauit_Vector ©
Max 260+002 @Elm 437003
Min $.70+001 @Eim 419343

Figure 9-28: JOINT 6: Maximum resultant force, load case 4042
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9.3.8 JOINT 7: EXTERNAL STRUCTURE- DEBRIS SHIELD BKT

RICH external structure to debris shield bracket joints are NAS 1351N3 bolts, made of stainless steel
A286-160 KSi: in the foliowing figure positions of some of the boits are shown.

Figure 9-29: JOINT 7: External Structure — Debris Shiefd Bracket
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Vactor: SC40821LN4032 A1;Static Subease Bar Forces, Transfational. A% Ceniter

|
|
i
i 2l e

! d B 1844002,

H 7 91-002E8

LN default_Vector :
Max 2.63+002 @Elm 464806
Min 7.91-002 @Flm 466073

Figure 9-30: JOINT 7; Maximum axial force, load case 4032
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9.3.9 JOINT 8: DEBRIS SHIELD BKT- DEBRIS SHIELD

RICH debris shield bracket to debris shield joints are NAS 1351N3 bolts, made of stainless steel A286-160 KSi: in
the following figure positions of some of the boits are shown.

Figure 9-31: JOINT &: Debris Shield Bracket — Debris Shield
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[ MSC.Patran 2005 2 25-0ct-06 11:11:44
Vector: SCA0T LNAOG1 Al Static Subcase Bar Forcas Translational - AtCenter

7
=9

i
(
;.-TZE:
i
¥
E
s
LN
¢’ ! © gafault_Vector:
Max 6.76+001 @Elrn 466766
Min 376002 @Elm 417777

Figure 9-32; JOINT 8: Maximum axial force, load case 4061

+
MSC Patran 2006 12 26-0c-05 10:18:01

Vector, SCA068.LN4058 Al:Static Subcase Bar Forces, Translational At Center

Ameid s
R

By default_Vector :
Max 1 274002 @EIm 466756
Min | 56-002 @Eln 477768

Figure 9-33: JOINT 8: Maximum resultant force, load case 4058
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9.4 BUCKLING ANALYSIS

For external structure and reflector supports buckling verification, the following equation is used:

2
g EZkCE ! (RD 6 chp. C.6.2)
- = 1% p.C6.
T 120-v?) Wb
Where:
ke buckling coefficient;
E: material Young modulus in compression;
v: material elastic Poisson’s ratio;
b: short dimension of plate or loaded edge
t: sheet thickness
In the following figures stress on external structure and support reflector are shown:
| Secondary
MSC Patran 2005 r2 25-0ct-06 16:3420 t ' t rnal
Fringa. Cafault Al:Static Subcase. Stress Tenser  Min Principal & i inte
o 1

Linear
externai

T st ots w300 114

oz

internal
fower

i
[ OO

g
i

s

Wik 0. BEm Db 1831
Min-1.11+008 @Fim 4284151

MSCPakan 2006 12 26-0cHG 16:01:05
Frrge Detaut, Al Stali Subcase. Seass Taosor, M Proga, 121

dettt_Fooge
B 0.76+ 006 @EXT 4212821
i -9,08+007 SEM 437263 |

Table 9-10: Buckling verification, external structure and reflector support
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For the main structure three equivalent beams are considered;

a

A
4

for this equivalent section the k. defined in RDS Chapter C6.1 is used:
k=043
The values of 2 and b are depending on the item.

For the reflector support the equivalent beam considered is:

‘V

f .
or this equivalent section the k¢ defined in RD6 Chapter C6.1 is used:

k=0.43

In the following table MoS of buckling verification are shown:

S 5 S
EXTERNAL STRUCTUR
(SECONDARY INTERNAL | 0.43 | 0.025 | 0.003 JAI 7075 T7351 405 1M1 2 0.83
LOWER)
EXTERNAL STRUCTURE
(SECONDARY INTERNAL | 043 | 005 0.003 | Al 7075 T7351 101 40 2 0.27
UPPER)
EXTERNAL STRUCTURE
(LINEAR EXTERNAL) 043 | 01 | 0.005 |AI7075T7351 704 _ 30 2 017
REFLECTOR SUPPORT | 0.43 | 0.017 ] 0.002 | AL 606176 375 80 2 1.34
Table 9-11: Buckling verification MoS summary
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10.CONCLUSIONS AND COMMENTS

All the performed analyses show the following results:

o the 1% natural frequency of the assembly is 76.2Hz, (see chapter 8.1 ) there are some modes with
frequency lower than 50Hz but they are not considered because they have an effective mass lower
thani%.

o all MoS are positive for all applied ioads; see chapters 9.2.9 for the stress verification, chapters
9.3.10 for joints verification, chapter 9.4 for buckling analysis in nominal condifions

o in fail safe condition the MoS for joints verification are positive for all applied loads; see chapters
9.3.11 '
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ANNEX 1.

AMS.02 RICH

JOINT 1

BOLTS VERIFICATION FORMULA

HAS1351N4 0.25728 x 1.0" L. Material-A-286 & 160KSi

Nut NAS 1291 C4M
Washer NAS 620C416

Flange 1

Part humber:

Matetial:

Flange 2

Part humber:

bdaterial,
Loads
Applied tensile load F =38 N
Applied shear load ¥V =452 N
Agpliad bending moment M:=0Nm
Factors of Safety
Lirnate 3Fu =210 Yield
Joint Separation SFeep =12 Fitting factor
Bolt and Nut Data
Mominal digmeter of bolt D =0234n
Total length of bolt = 1005 mm
Threaded length Lt = 1905 mm
{if balt is fully threaded, input Lt = ]

%mﬂ—bd—m—;ﬂﬂ

i
[Flange 1| N \Plange 2}

\\\\f\\* s Z// o, Dz

s U

7

F
lott—— L3~ ——ip

22
e

L —-

Temperature data

SFy =125  Assembly
FF =115 Maimum

Minirmirs

Mumber of threadsfinch

Height of nut

Temp_initial :=82-deg
Temp_max = 122 deg

Temp min = 33-deg

Bt =28
11l
H:=02 in

Questo documento contiene in
Al information contained in this document are property O
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Washer Data Flange data

Thickness of washera twr =1 foam Thicknasz af fiange th =3 mm
Outer Diameter of washer  Dw :=1188 mm Thickness of flange 2 2 =3 mm

anar Diameter of washer Dl =647 mm

Bolt head dia acrogs flats dw =% 211 mm

Diarnete of hole [_hals =66

{used only ifihew is no washer)

Note: [ there is no washer w, Dw and Tnai shioastd be 2ero

Materiol Property Data
Bolt

Temparaiwe corection factor for bokt atrength timate

Bolt ultimate tensite alowable stiess
Eigit oltinate shesr allveabie stress

Beh yield Tensile allowable siress

Terperatyre ©0 rection facior for bolt modulus  TE_tok

hodulus of elasticity of bolt
3

Tenperaturs corection fecto for nut strength
Ultinate tencile silowable stiess

| Mimate Sheat sliowaste stress

himate sxial srength of nudd
Washer
Ternperatwe catraction factor for washer modulus

MogHus o elastiziy of washer
Flanges

I3u_bat =0M Yigld TSy_bolt =004
Fu_baoll :=1103 10° Fa
Fsu_bol =653 107 Pe

By _ball =827 1’ Pa

=094 |

®
E oot ={291 10" 6} Thermal cosffeciant for boll & bok _bo =3F1070 2
. P 3 s
in
T3 nwt -0 54 o both_eud -85 1070 2
deg

Ftu 1 GE0A0 o

Ptu st = 64F 1bf {Ref NAS3ZA0 page 1)

IR washet (=11

E_washer = (39 )10 g.ssi}

Gtifness of the joint depends pon rurmber of membere in the grip of the fRsteners,
Moculus of elasticity o these members and diameters of the bodt and the washer

Temperature corrzction factor for fiange i IAIE =10 ‘moduus)
Temparatue CoTrachian factor for flange 2 THE =10
[ -
Mosulus of elasticty for the serts in the joint E_flanzel =10 su® -psi) E_flange2 = {:.US 19" l:-'s&)
in in
Coefficient of thermal expans on for flanges o flangel ot =1215 1070 2 flangsd hot 21215 ¥ 2L
deg deg
i i1
& flangel _seld =13 ¥ B flanged oold =12 107%
dag dzg
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Tergue/Preload data  Maximum torgue Trea = 1118 m M Loading plarne facier n:=05
Minimum torgue Tmin =243 m N Freload Uncenainty =023

Torgue coeflicient

Torgue check

Mirdrmurm pi el diamater of bolt

Bolt tension allosable cltimate
Blolt tension sllewssble yield

Bolt shear allowable ultimate
Bolt shear allgeable yeld
Mndulus of elastcity of balt
Mt tension sllowable wifimate

Mut shear sliowabis

Mut mxial tension afowable

tadidlus & elastty of washar

Modulus of elasticity ot pads in the joint

Grip length iassumaes
fastener fully engages the nu)

Unthreaded lengthisthank )

If the bolt is fully theeaded the unthreaded shank length 16 is zero and the program will check it by the if statemant

Length of threaded portion

Esmin = Emax — 05 tofo

Fetit]

13
Lark bl

oL

k=015

ac=Emax+ 0510t Min outer diameter of boll Dsmin =D - 0 510lb
Ftu_teodi -=Ftn_bolt 180 baolt
Fty_bell '=Fiy_bolt T3y _boll
Fen bolt '=Fsu_bolt TSu_bolt

Py bok Fsu bolt

Fay belt 5.
Fiu bolt

E_bolt =F_bolt TE bolt
Fiu_nut =Fts mat TS _nut

Fsu_maat =Fsz_nut T3t

Ftu ot =P met TS nas

E_wosher £ _washer TE washer

E flange] =E_fangel THE
E_flarsge? =5 fenge? TR
LG =t + 871 o 162

Id =L -1%

id:= |00 m & 1120

18 otherwige

It =LG-1d
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D 2
Unthre aded tensile Ad=m {m)
area; 2
2
Atl =0.7854 {D i, E-Efﬁ) (Ref 4, page 1325)
3
. y 2
AtD = Esmin 0.16238
2 Nt
. ) At:= |Atl if Ftu_bolt<100000 psi
Tensile araa; -
£12 otheraise
142
D - 1299038 D2
Shear area; As:s Ht Shank area Ash=__"_
s=H . 4
2 .
- . - 4
Momert of inertia of bolt cross section: ﬂ.{D ~ 007 _1_ D - 015743 1
Iz Wt Distance to auter fiber, Nt
64 2

Bolt ultimate tensile strength:

Bolt yield tensile strength:
Bolt ultimate shear strength at threads:
Bolt ultimate shear strength at shank:

Check if shear is in the shank

Bending moment allowable ultimate:

PAt = Ftu_bolt-At

Pay =Fty_bolt At

Y =Fsu_bolt As
Vash :=Fsu_bolt &sh

Fanu = [Vash if 1d>(tw + tfl)
TAu otherwise

hMAu =Fiu_bolt 1
_ ¢
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Joint lead factor:
N . . ) - ‘ Kb
The jnint load factor (§) is specified by Ref 1 as ¢=
Kb+ K

whare 10 18 1he sifiness af the bolt and ¥ the slifing s of the joint  Fel 1, does nol gwe & mgshed jor galowlating
these stifinesses Ko and k) will be calculated using the method described in Rel 2, page 458

Ad&E bolt

k bolt =
Ad e Atdd

(Ref 2, page 461}

{Ds? _ Dwri®)

This gives the washer arga as! A _washer = 2

(el 2, page 453 uses a pressure: cune tethod for the stifinass calculation
When loadmg 15 apphied using a washerface anmulys ife apex Cong angie
they recommend is 30 degraes

o _cone =30 deg

cong e oo

\ Il &l;[:gdw'\
Y/ _\\vl gﬁ!‘hﬁ"l!}‘«" I gn } \m}:;‘l;;;mmgﬁ 31
- Lulﬂ_i_jﬁz%ﬁ

{ L =1

g N L L
i\ AT e /j 7
\ ; ; Y | 1
S \.\ {] fj "thick_ﬂzngeg s 12 %\\\ / { hri-k__isngez I o
y il |
— f_ o 3
dhtde lPd_hs;l;

1_middle = thigk_langel - 172 . )
t_middle = Li2 - thick_flange
Lihick := tfl 4 1f2

The mid-plane of the frustrum rmay lie in either flange! or flange 2 If the material properties of the two are diffevent
then this must be actaunted for

11 ::u{{w*‘fknﬁ},.m Eli“ﬁ_k] thickness of flange!
2 2 frusturm

12 -=;fHu‘.‘ﬁ'>tﬂ‘),mek,ﬂ] thickniess of flange?
1 ;2 friustum
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Properties for middle of lanss] and lange 2 fustum
D = ldnv # Dw=l01in

D othenwise

E_middle = u‘i { m’;“k >m) JE_flanged, E_fengel }

bl

D midide ::i;{{:t...l:?ﬁ)*ti’l}..l‘)w 32 1 tan o _cone), Dw + & 12 tan(G_onne)

1

|

1 middl = !1‘1 {m;di >tﬂ), __HL"?“ Lt Lﬂ;.c <

The stifiness far each of the members is then given by

7 E_flangel D_bole ang ¢_sang)
(2 11 tan( o_cons) + Dwr - D_hole) (Dw+D_hole)
(241 tanf &x_cony) + Dw ¢ D _bolsy (0w - D_hale)

k_fangel = .
I

7 B flange? D _hwle tar o_gone}
{2 12 tan( ¢_cor) 4 Dw - T_holey (Dw ¢ 0_Tole)
2 12 tanf &c_rond) + Diwrp D_hole) {Dw— D_hol2)

k flengeld =

Thf 7 E_middle D_tale tan0_cone)
i (24 _micdie tard ¢_cone) + D_iddle — D_hole) (D _middie + D_hole}
(2 1_middie tang or_cone) + D_tmiddle + I_hole) (I middie ~ D _holel

_middle %if]1_middien0 an, 10" 22
] Lo i

MOTE: ¥ statement to check fthick_flangel =
thick_flange?

The stifness for the washer, treating t as & cylindar, 18
bt

k_weasher » §38 . & te00in
n
A _washer E_warher .
= ofhenyise
b
Kjw= : N TR
The joint stfiness will be oyt
k Pangel  k_flangs? K opuiddie
- — ! e DYHEIISE
1 1 1 1
+ )
ko flangel % _flange?  komiddle ¥ woesher
kool
The oint fead factor sil then be “Kj+z bot
stifiness of joint
K _thenm 5 . -h°1t.§_.
Tk bolt 4 K3
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Calculation of Praload on the Belt:

Wciease i preload du to intrease mlemperaine

Pthr | ::g't"_ﬁtfl)‘('_lemp_“max- Temp_indtial) { o_fargel hot.- er_bolt_hot): . 15 thesm
s+t Temp _mas— Tesmyp_irstial) (o flange2 hot - & _bolt_hot)
Decrease in prefoac due 1o raduction in temperature:
P 2= [(181) (Temp_min - T srup_tnitisly ¢ o_fangel_cold—~ &_bek_sold) . 1K _thesm
l--(_u’z) { Tamp_thin - Temp_inatial) ( ¢x_Plange?_sold - o_bol_cold
Pibr pos = |Pine L i (Ptha 120 H) (P 25015 Pty neg =
Pthr 2 if (Pthr 120 ) (Fihe 22020

Pths_2 i (Pihc_120 W) (Puhs 250 H)
Pihr 1 i (Pibe 12010 (Ptts 2200
lotbf # (Pir 15010 {Pthe_250 M)

‘ Pebr 1
teinl| T olenyise
Pile 2

f#iFhy 1 . ‘
man - i (Pt 15010 {Mhr 2201}
Fits_2 | '

0 i othervice

Waximum preload of max tamp o PLDm ={1+ .} e + Pt pos

deay preload at voom temp PLDmaRT 21+ 1) ,I;ﬂg_{

Preload loss will be 5% of max pretoad at Room terp. Ploss = FLDma@®I £05
Shniropm pretoad PLDmin =(k = T3 %_“%E + Fihe_tieg = Floss
Check to see if Wn pretoad is negatire PLDmin = |PLDwin ¥ PLDmin>G01bf

(00 Tf) # PLDmin<00 bf
Calculation for shaar pulisut strenpth

The puliout srength of the nut depends on whethar the Nt matedal is stranger, equal 1o or weakes than the bolt
imaterial Ths minimum engagement iength requred 1o destop tha full strargth of the bolt is caloulatac

The shear @ e tor the 3 cases are calculatad as tolitws: Ref &, pege B7-63

Hut and Belt are same strength

Thraat engagement length Ll ::.,.‘ifﬂ...

7 Emax
Shear pullod ates Atsl =2 me Let
Hut strongers than Bolt -
Thread ongagement length Ll 2. - 8y ,

7 Mt Knmes {,__ +11 57735 (Esruin - Knmas)
2 314
Shaat pullout atea Ligd = 1 Led Knmaz H%ﬁ} 4 0 5735 [ Eatnin Knmaxj]
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ftut weaker than Bolt

Thread engagement length  Le3 := Ftu_bolt 2 At 7

Fiu,_sut 7 Nt-Dsmin-v[ (.2_%_} 4057735 (Dettin - Enmax)]
It

Shear pullout area  Ats3 =7 Nt Le3-Dsmin Hﬁ) + 057735 ( Dsmin — Enmax')]
1

Determine if nut is stronger , equal or weaker than bolt

Pisl :=Fsu_bolt Afsl {Bolt and nut equal strength)
Pis2 :=Fsu;ha1t.-zatsz (Mut stronger than bolt)
P53 :=Fsu_nut Ats3 (Mut weaker than bolt)
linimum thread shear strength P4s = [PAs2 i Fsu_mut>Fsu bolt
rgggé;? to dewslop full strength " lpass if Fsu nut<Fsu bolt

PAsl otherwise

Compare bolt and nut tensile strength and use the smaller walue

Pat = | Pl _nut if Piu nutsPAL
PAt otherwise
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Margins of Safety on the holt

heck for length of bolt

Taal tensile load on bolt
Total Yietd 12nsile load on ball

Joint Separation lead

Margin of safety on jont separahon’

targin of safely on applied fension inad

ulimate:

sargin of safety on applied tenson foad

yigkd:

Margin of safety on tolal bension load

ultimate:

Miargin of safety on total tensior lad
el

Length sheck s "Bolt lengih is suficent” o L‘:‘{tw 1 2+ Hor %’}
*Pelt length should be increased!"  othervise
Pb = PLDmax + n ¢ [ 3F0 P FF)
Py 2 PLDmaz + 0 ¢ (SFy F FF)

Psep =P 3Fsep
MS! = 1100 if P=0M
FLDtnen

heargin of safety on tnread shear uging drect WS, = 100 iff P=0H

tenson only

Margin 15 based upon the total tension

lpad

Margin of safety on appied shear load
ufirnate:

_SFu{ ¥ |FF
Wau

Rau
Shear ratio

Nasgin of safely on applies moment
uikimate

— _ =1 othenwise
i1 —n @) Peep FF
. ‘ . BEuP FF
M3, = H00 # P=0H Fatio o applied - Res, *¥ cmree
AL tenzion ult P&t
1~ -1 gtheraise
{(5Fa P) FF
WE = 11D if PR :
3 . . Ty P FE
Phy Ratic on applied  Rey, By PR
et =} othemwise  tengnn it Pay
(3Fy Fy FF
PAL Ratic on total Pb
A5 T e 17 B
Sy (Foy ' tenson Rau, A
dony -
LR L Ratic on total Ray, ke
Fy tension {Yteld) © Pay
Ratic on preluad  Ray, o PADmex
{Yighdy: T PAy
.,fﬁi._ + 1 otherwise
P FF
WIE, =&i - 1
P
M3, = |160 ¥ V=N
T
__E'_‘L}i——_ 1 otherwise
(5Fu] V) FF
W, = 100 if M=0N m Moment ratie Rou = oL MIFE
Miu

JEFR

— -1 cthiwse
SEuiM | FF
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Guess K Ko =10
Giwen
(Ku Rew)” + (Ko (auan(Rav) + Rbuy)’ =1 K = Fitd(Kau)
Margin of safety on combined loading MS,, =Km -1

ultimate:

Summary of Margins for bolt:  MSualt = tning MS)

Failure Mode = |"Joint Separation” i M51=m;ix:'|("MS)

“Direct Tension Ultimate” i M32=ﬂl511(IMSJ

"Ditect Tension Yield" of MSf:rﬁn( I3

"1 otal Tension Ultimate”  if MSfmin(MlS)

"1 otal Tension Yield" ¥ 1S, =min(MS)

\Ditest Thread Shear Ultimate ! i M5 =nin(MS)

*] otal Thread Shear Ultimate" i M3, =min(4S)

"Shear Ultimate” if M3, =min(MS)

"Bending Ultimste"  if I'.JISg:min(.MS)

"Combined Shear T ension Bending Ultimate”  if M3 m=min(1w13)

References:
1 Criteria for preloaded bolts, NSTS 08307, Rev. A
2 Mechanical Engineering Design, Shigley and Mischke, Bth edition
3 Warks Mechanical Engineers Handbaok, Bth edition
4 Machinery's handbook, 24th edition
& An introduction to Design and Behavior of Bolted Joints, John Bickford, 3rd edition

& Metallic Materials and Elements for Aerospace Wehicle Structures, wilL-HDBK-oH
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Bolt Load data

Boltdjoint stifiness factor

Max . preload

Min. preload

Jaint separation load

Max load on the bolt{ultimate)

Max load on the balt(yield)

Bolt ultimate tensile strength

Summary of Margins for halt:

Joint separation

Direct Tension Ultimate

Direct Tension Yield

Total Tenston Ulhimate

Total Tension Yield

b =0329
PLDsax = 14550.3

PLDmin =640 5

Pgep = 104132 dbf
Pb =3402.8 «bf

Ply = 3390 54bf

FAt = 5305 2 dbf

Preload due to temperature

Uncertainty factor

Torque coefiicient
Loading plane factor

Thread pullout strargth required
to develop full strength of bolt

Mut ultimate tensile sirength

Length_check = "Bolt length is sufficient”

MS, = 1341

BMS, = 2558
M8, = 3089
MS, =05

M3, =017

Direct Thread shear Ultimate
Total Thread shear Ultimate
Shear Ultimate

Bending Ultimate

Combined shear, tension and bending
ulfimate

Pthr_pos = 9524kt
Pihr_neg =-6444bf

[ =025
k=015

n=03

Pas = 6301 5elbf

Ptu_sut = 6021 Z4dbf

Msﬁ =3057
WS, =085

M3, =024

MS, =10

ME, = 0.03
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